FUNCTIONAL PATHOLOGY
The adrenal cortex acts by the elaboration of a series of "hormones which include among their functions the regulation of the electrolyte balance; carbohydrate, fat and protein metabolism; the development of the secondary sexual characteristics; and possibly the development of the gonads themselves. Although the action of many of these hormones is regulated by the pituitary, the latter gland has apparently little influence on that function of the adrenal which is essential for life, namely the regulation of the salt and water balance. An adrenalectomized animal quickly dies-of the symptoms of Addison's disease, whereas hypophysectomy has not the same fatal outcome. This is in keeping with the generality that processes essential for life are, to a degree, autonomous (Swann, 1940) .
The adrenal cortex is in a constant state of growth which takes place from without inwards. Throughout life new cells are being formed by multiplication of cells in the zona glomerulosa and from indifferent cells included in the capsule. The stage of growth takes place in the short zona glomerulosa. The cells then migrate inwards, forming the zona fasciculata, in the inner part of which and in the outer part of the ensuing zona reticularis the cells discharge their lipoid contents, possibly in part into a real glandular lumen continuous with the medulla (von Lucadou, 1938) . The cells finally degenerate in the inner part ofthe reticulate zone (Zwemer et al., 1938) .
After hypophysectomy the adrenal cortex atrophies in the reverse direction to which it grows. The atrophy progresses from within outwards. No definite histological abnormality -occurs in the outermost zone (Crooke and Gilmour, l938) . It is to be presumed that this glomerular layer secretes the ' salt and water ' hormone (Swann, 1940) . Our own investigations on the appearance of doubly refractile lipoids in the adrenal cortex have shown that this takes place initially in a narrow zone in the region where the zona glomerulosa changes into the zona fasciculata.
In states of hyperfunction of the cortex, the resulting clinical and metabolic picture depends on the nature and amount of the hormones produced. Haymaker and Anderson (1938) suggested there were two syndromes, the adrenogenital, associated with virilism and representing the excessive production of androgens; and the adrenocortical, associated with the clinical picture of Cushing's syndrome and the excessive production of cortin. These views have been supported and elaborated by Albright (1942) , who concluded that the adrenogenital syndrome was due to an abnormal production of a ' N ' hormone which, having an action similar to testosterone propionate, was produced in normal individuals after puberty concomitant with an increased excretion of 17-ketosteroids and was concerned with sonlatic and secondary sexual development. The adrenocortical syndrome, according to this author, was due to an excess of 'S 'hormone which, acting by the inhibition of the synthesis of tissue, promoted the conversion of protein into sugar (glyconeogenesis) and inhibited the oxidation of glucose at the periphery.
The relationship between virilism and cortical hyperfunction is obvious. The aetiology of Cushing's syndrome was rendered debatable by the occasional occurrence of a basophil adenoma of the pituitary in this disease. However, Anderson and Haymaker (1937) were able to prolong the life of adrenalectomized rats by the injection of sera from two patients with Cushing's syndrome. Occasionally there is a disturbance of the electrolyte pattern the opposite to that occurring in Addison's disease INTERRENAL SYNDROME that the androgenic hormones were produced by the transient cortex, which he compared with the X zone of the mouse. One has, however, to be cautious in considering the transient human cortex as homologous with any zone in other animals, because the whole process of late foetal and early post-foetal remodelling of the adrenal cortex in human beings is unique and differs from the development of the suprarenals in all other mammals. Cahill et al. (1942) tried to correlate the hormonal changes with alteration in the cytology of the adrenal cortex. Tumours associated with hormonal change could not be identified with any particular zone, but the degree of vacuolatiol. of the cortical cells was roughly proportional to the severity of the hormonal disturbance. The more the syndrome approached the Cushing type, the more marked was the amount of vacuoles which were -present. Fuchsinophil staining of the cytoplasm was present in all tumours but was more pronounced in cases with hormonal syndromes. From the remarks of these authors that the fuchsinophil staining of the cytoplasm was in some cases diffuse, in others in granules, it is evident that their interpretation of the Ponceau-Fuchsin stain is different from that of Broster et al. (1938) . The latter, who correlated the presence of fuchsinophil granules in the cells of the adrenal cortex with virilism, considered the presence of this fuchsinophil material to be related to the presence of androgen.
CASE MATERL&L Unless otherwise stated, the cases recorded were collected from the records ofthe Children's Hospital, Birmingham, during the last ten years. Classification For the purposes of description it is proposed to use the following classification and terminology: ADRENOGENITAL SYNDROME 1. In the neonatal period. Females born with adrenal hyperplasia show pseudohermaphroditism characterized by a clitoris enlarged to such a degree that it is usually considered to be a penis and the infants are registered as boys. The external orifice of the urethra may be at the tip of the penis or more towards its base as in hypospadias. There is usually no external vaginal orifice. A uterus of normal infantile dimensions with Fallopian tubes is present. The ovaries are in the usual site, the size being normal or reduced. As a rule a rudimentary vagina is found opening into the urethra. The scrotum may be bifid, but in many cases it is normal except-for the absence of testicles. Thus the external genitalia may give rise to no suspicion that the individual is other than masculine in sex. In males there are no external abnormalities.
In neither sex do the infants thrive. Vomiting and diarrhoea are usually the predominating symptoms, with a tendency to sudden collapse which responds to the administration of saline or cortical extract. Such cases have been described by Di Ruggiero and Jolly (1938), Butler et al. (1939) , Dijkhuizen and Behr (1940) , Thelander and Cholffin (1941) , and Skelton (1945) . Both Butler et al. and Thelander and Cholifin considered the symptoms to be due to a deficiency of cortical hormone of the nature of Addison's disease. They demonstrated a low serum sodium and chloride with raised serum potassium. Butler's case was unusual in that a brownish pigmentation occurred all over the body at the thirteenth day. Thelander (1946) kept his patient alive until the age of seven with the aid of salt and desoxycorticosterone acetate therapy.
Female pseudohermaphrodltism in the neonatal period (cases 1-5).
FAMILY HISTORY. In one case a sib, thought to be a hermaphrodite, had died in infancy from 'pyloric stenosis.' HISTORY. Apart from one case which did not thrive from birth, the remainder took well and appeared to be satisfactory for the first seven to fourteen days, when they were found to be not gaining weight. Vomiting occurred in all cases. In one it was associated with diarrhoea and was considered to be due to a parenteral infection. In a further two it was not severe, but in two it was a dominant symptom and both cases were admitted with the provisional diagnosis of pyloric stenosis. All the infants gradually deteriorated. Ages at death were 17, 25, 35, 44, and 82 The adrenals were hypertrophic, in some, cases being larger than the kidneys. The surface was grossly corrugated. One was weighed and two were measured. In the one case the weight was 6-5 g. for the right and 6 4 for the left adrenal. Normal weights are less than 7 * 0 g. for both adrenals . The size was larger than that of the kidney in two cases, and almost the size of the kidney in one case (Plate la). The normal size is about one-third that of the kidney.
The thymus was considered to be atrophic in two cases. In the others it was normal.
IOody measurements were taken in two cases and were found to be normal, both with regard to length and proportion.
HISTOLOGICAL An exploratory laparotomy revealed two normal ovaries, Fallopian tubes, and a uterus which appeared infantile but was normal as far as the cervix. There was no evidence of a vagina. The right suprarenal appeared normal in size and shape, but the left suprarenaf was considerably enlarged. This enlargement appeared to be a general hyperplasia of the suprarenal rather than an adenoma.
A left suprarenalectomy was subsequently performed. Convalescence was stormy. Table 1 gives the serum electrolyte levels taken before, twelve days after, and twenty-six days after the adrenalectomy.
Thirty days after the operation the daily urinary 17-ketosteroid excretion was 27 mg. A month later this had fallen to 17-2 mg., but eight months after the adrenalectomy it was 29-7 mg. There had been neither psychological nor clinical change.
HISTOLOGY OF THE ADRENAL. This differed from the other cases in having a well developed permanent cortex. The gland was both vacuolated and granular, but the vacuolation was mainly in the permanent cortex. The granular cells gave a positive Ponceau-Fuchsin reaction. Case 20. M. A., aged 20 months, had no relevant family history. When six months old she was noticed to be red in the face. At eight months she became fatter. Pubic hair was noticed at nine months. She was otherwise well and goodtempered. She began to talk at thirteen months.
On admission she was found to be placid with expressionless face. She stood with support. Her height was 28 in., her weight 30 lb. (Plates Illk, 1) . Apart from the generalized obesity nothing abnormal was found clinically. Oral glucose, intravenous glucose, and insulin depression curves were normal. Radiographs showed two carpal centres, a centre at the lower end of the tibia, and at the lower and upper ends of the humerus.
Laparotomy revealed a left adrenal mass which was removed. The patient died the next day with signs of pneumonia.
At autopsy the right adrenal, was not definitely located. Histological examination of the perirenal tissue disclosed a gland 7 8 mm. long by 0 5 mm. broad and two adjacent nodules 1 -2 by 0 3 mm. and 1 * 0 by 0 * 4 mm. The structure was that of the adult cortex. The cytoplasm was well vacuolated. The hypoplasia affected mainly the zona fasciculata and the zona reticularis. The Ponceau-Fuchsin stain was negative (Plate HIm). The tumour had on histological examination a structure almost identical with that of the-previous case.
The lobules of the thymus were small, with increase of interstitial connective tissue. Hassal's corpuscles numbered 1 to 10 per lobule and had a diameter of 26 to 70 microns.
The basophil cells of the pituitary showed the hyaline changes described by Crooke (1935) , over 90 per cent. of these cells being affected to a greater or less degree. A differential count (19,500 cells) gave the following proportions: eosinophils 35*5 per cent., basophils 4-2 per cent., chromophobes 60 3 per cent. (Plate IVn and p).
DISCUSSION
The Adrenogenital Syndrome Broster et al. (1938) , who consider the presence of fuchsinophil granules in the adrenal cortex to be related to the presence of androgen, found in their study of the foetal adrenal cortex that fuchsinophil granules were present in the male foetus between the ninth and twentieth weeks of gestation and in the female from the eleventh to the fifteenth weeks. The disappearance of fuchsinophil granulation coincided with the appearance of basophil cells in the pituitary. These authors explained the occurrence of female pseudohermaphroditism on the prolongation of this masculinizing phase over the whole period of intrauterine life.
Adrenal hyperplasia in the newborn appears to be approximately equally distributed between the two sexes. The elaboration of the abnormal masculinizing hormone is apparently associated with a failure to produce the more essential ' salt and water' hormone. This has been likened to acute Addison's disease both on account of the blood electrolyte picture (Butler et al., 1939) and because of the results of treatment with salt and desoxycorticosterone (Thelander and Cholffin, 1941) . Pigmentation of the skin actually occurred in Butler's case. In early infancy the hyperplasia of the suprarenal glands is often associated with a fairly characteristic clinical syndrome. This consists of failure to thrive, persistent severe vomiting which may be projectile and suggestive of pyloric stenosis (two of our cases), faeculent and suggesting intestinal obstruction (Dijkhuizen and Behr, 1940) . Attacks of acute circulatory failure resembling shock are frequent and were stressed by Harris (1946) and other authors. Four of our male cases showed this liability to sudden collapse. The rapid respiration in one of the male cases recalled the syndrome of acute adrenal insufficiency in the newborn due to haemorrhage into the gland, which Goldzieher and Gordon (1932) referred to as 'pseudopneumonia. ' The diagnosis is not difficult provided the possibility is considered. It may be made on the blood levels of sodium, potassium, and chloride, or on the dramatic response to salt and hormone therapy. In a neonate with hypospadias and absence of testes in the scrotum, attacks of acute circulatory failure should raise suspicions. In male babies the lead is less obvious. Acute collapse is not uncommon in a poorly infant. In two of the authors' cases a special note was made of the persistence of urinary chloride in spite of continued vomiting. This may be considered to be an excessive urinary chloride excretion comparable to that in Addison's disease. With the growing appreciation of the importance of the role of salts in tissue fluids, the urine is likely to be tested as a routine for chlorides more frequently in the future than it has been in the past. It is suggested that, in an obscure case of intractable vomiting, if the chlorides do not virtually disappear from the urine, adrenal cortical hypofunction should be considered to be a possibility. In the neonatal period this may occur not only in cortical hyperplasia but as a temporary phenomenon, when it is presumably due to birth trauma (Jaudon, 1946) .
There is ample experimental evidence that the adrenal cortical hormones are concerned with the regulation of carbohydrate metabolism. Adrenalectomy leads to a mobilization of the glycogen in the tissues, and the liver becomes practically glycogen free. Administration of cortical extract, on the other hand, increases. the liver glycogen. In vitro, glycogenolysis is inhibited by cortical extract, hypoglycaemia being produced notwithstanding large glycogen depots. It would appear suggestive that in case 15, with glycogen storage disease, the cortical hyperplasia was associated with an increased production of those cortical hormones which, like corticosterone, have an oxygen atom at C1l.
As far as is known the association of adrenal hyperplasia with glycogen storage disease has not been hitherto described, though the possibility was suggested by Long (1942) . In fact Ellis and Payne (1936) 
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INTERRENAL SYNDROME secondary sexual characters on the one hand and bone growth on the other, the latter being formed in later childhood. Although there is no experimental evidence for the existence of two such hormones, Venning and Kazmin (1946) found that the proportions of the individual hormones produced by the adrenal cortex varied with the age of the child.
Thirdly, the action of the suprarenal hormones depends on the developmental stage of the effector organs.
Fourthly, some maternal hormones may counteract the growth-promoting effect of the suprarenal hormones and their action may still manifest itself for some time after birth.
Fifthly, the histological work of von Lucadou (1938) strongly suggested that the suprarenal cortex and medulla, although phylogenetically and ontogenetically different organs, form a functional entity in higher mammals. Some of the suprarenal hormones appear to be secreted through glandular lumina into the medulla, and the medullary secretion may modify the action of the cortical hormones. The adrenal medulla, being only a small part of the entire organ in the newborn, and increasing in size not only absolutely but relatively, may thus be responsible for the different effects of cortical hormones in foetal and early neonatal life on the one hand, and later childhood on the other.
In the authors' opinion there is at present insufficient evidence to give preference to any of these hypotheses.
The adrenogenital syndrome appearing in later childhood may be due to either hypertrophy or to tumour, usually carcinoma, of the adrenal. These cases, however, occur predominantly in girls. Goldstein et al. (1946) collected from the literature fifty-four cases of catcinoma of the adrenal cortex which showed the adrenogenital syndrome. Of these, twelve were boys. The disproportion between the sexes becomes even more pronounced when cases of adrenal cortical hyperplasia are considered, a condition which occurs almost exclusively in girls. Up to the present there have been only two cases reported in boys where the cause of the macrogenitosomia praecox was proved to be due to a hyperplasia (Wilkins et al., 1940; Thelander, 1946) . It is likely that Thelander's case would not have survived beyond infancy if it had not been treated with salt and desoxycorticosterone. The sex difference was so striking as to make Thelander and Cholffin (1941) raise the question whether these cases of female pseudohermaphrodites, with marked hypertrophy of the 'androgenic ' zone but without marked symptoms of cortical insufficiency, belonged to the same etiological group.
Another possible explanation may lie in the ffect of synergistic and antagonistic hormones on cortical function causing a higher survival rate among the females with cortical hyperplasia than among the males. Testosterone has been shown to inhibit adrenal cortical function (Albright, 1942 (Goldzieher, 1945a) . If the male infant were to produce testosterone and the female infant oestrone, even in small amounts, the effect of these hormones might be such as to tip the balance in favour of the survival of the female.
The Adrenocortical Syndrome Our two cases of suprarenal cortical carcinoma support the conception of the existence of tumours with different hormonal action. Both showed an extreme obesity, but neither masculinization nor precocious growth. Some of the cortical tumours, however, in the literature appear to have produced both 17-ketosteroids, causing masculinization, and metabolic hormones causing obesity. This may be due to a primary mixed hormone production, or the elevated 17-ketosteroid formation may represent a compensatory increase in an attempt to counteract the pathologically elevated ' S ' hormone production, as has been suggested for Cushing's syndrome in the adult by Albright (1942) .
Sudden Death in Adrenocortical and Adrenogenital Dysfunction In cases of Cushing's syndrome due to an adrenal cortical tumour, Cahill et al. (1942) stressed the liability of the function of the contralateral gland to be suppressed, resulting in the danger of sudden death from acute adrenal insufficiency if the tumour were removed. This contrasted with the bilateral adrenal hyperplasia seen in cases of virilism in adult women.
That a tumour can not only cause a suppression of function, but that it can be associated with a contralateral atrophy of the adrenal is well seen in case 20, where the opposite gland measured 8 -0 mm. by 0 5 mm. and was not found on naked-eye examination, although the perirenal fat was thoroughly dissected and examined. While it is agreed that in virilism in adult women portions of the adrenals can be removed safely and-with amelioration of symptoms (Broster, 1946) , the possibility exists that, as both glands are being stimulated to form androgens, they may fail to produce adequate amounts of the more vital hormones. This is clearly so in the infantile cases of hyperplasia. It might account for the death in case 17, the six-year-old pseudohermaphrodite for whose r,.pid decease no other adequate cause was found. In rorsidering case 16, the male macrogenito-omia pra cox who died twelve hours after a let ad!cnalectomy, the recent history of diarrhoea may have been an indication of an incipient metabolic breakdown. This assumption finds further support from the condition at autopsy of the thymus, which was fleshy and succulent, weighing 32 g.; and the mesenteric glands and Peyer's patches, enlarged and hypertrophied, were suggestive of a diminished function of the adrenal (Goldzieher, 1945b Broster et al. (1938) pointed out that the presence of fuchsinophil granulation was only an indication of androgenic material present at the time of fixation and gave no index of the previous activity of the gland. Further, Vogt (1943) found that the amount of cortical hormone continually being excreted was enormous when compared with the quantity which could be extracted from the gland tissue. Thus, either the methods of extraction were inadequate or the adrenal cortex did not store its principles in active form. In the latter event a discharge of hormone without new formation, even for a very short time after death, would thus explain the frequent occurrence of negative Ponceau-Fuchsin staining in autopsy material. When positive the stain was more noticeable in the transient cortex.
Where there were nodules of adenomatous hyperplasia the structure might be that of either transient or permanent cortex. In the latter case there was not the usual zonal demarcation. In the hydrops foetalis the vacuolation of the cortical cells, particularly the transient cortex, was gross.
In the adrenogenital syndrome in older children the cortex was mainly transient in cases 16 and 17, and Vines' Ponceau-Fuchsin reaction was positive. In the older case of virilism (case 18), there was a well developed permanent cortex. The cells were both vacuolated and granular but the vacuolation was mainly in the permanent cortex. Granular cytoplasm in both types of cortex gave a positive Ponceau-Fuchsin stain (Plate IVr).
These findings, and those in the case of Cushing's syndrome, are in agreement with the observation of Broster et al. (1938) that the fuchsinophil material is not limited to a zone of tissue in the juxtamedullary region which Groilman (1936) considered to be the androgenic zone. The fuchsinophil material, when present, occurred only in those cells showing acidophil granules with haemalum and eosin. Vacuolated cells, considered by Cahill et al. (1942) to be typical of the Cushing type of syndrome, did not show fuchsinophil granules.
Summarizing all our histological findings, including a series of normal newborn adrenals examined for the presence of Sudanophil material, for anisotropic lipoids, and by the Ponceau-Fuchsin stain, it appears that the transient type of cortex is more concerned with the formation of androgenic hormones than is the permanent cortex. There is some relationship between the presence of fuchsinophil granules and androgenic function, but the latter is not limited to a particular type of cortical tissue nor to cells with a definite morphology.
The Pituitary in Relation to the Adrenogenital and Adrenocortical Syndromes Since Cushing (1932) described the association of a basophil adenoma of the pituitary with the syndrome to which subsequently his name was attached, the latter condition has also been found in conjunction with both tumours and hyperplasia of the adrenal glands. The clinical picture of Cushing's syndrome is so clear cut that there is presumably some common factor in the etiology. As patients with cancer of the adrenals and Cushing's syndrome are probably suffering primarily from an hyperadrenocorticism of some kind, then, on the assumption of a uniform pathological basis, all patients with Cushing's syndrome are suffering from hyperadrenocorticism (Albright, 1942) . In these cases the only constant finding in the pituitary is a hyalinization of the cytoplasm of the basophil cells, described by Crooke (1935) . Kepler (1945) (Reiss et al., 1937) . Total hypophysectomy, on the other hand, causes an atrophy of the suprarenal cortex involving mainly the inner zone of the cortex (Crooke and Gilmour, 1938; Swann, 1940 (Rasmussen, 1929 (Rasmussen, , 1933 Syndromes The diagnosis of the adrenocortical syndrome has to be made from other forms of obesity, and has been discussed by Marks et al. (1940) . The tumour may be difficult to palpate because of the obesity. Perirenal insufflation of air has been successfully used to delineate the mass.
The adrenogenital syndrome has to be distinguished in the male from pineal, midbrain and hypothalamic, testicular, and thymic tumours; in the female from midbrain, hypothalamic and thymic tumours, and arrhenoblastoma and granulosa cell tumours of the ovary. The differential diagnosis of Goldstein et al. (1946) , Kepler and Keating (1941 ), Goldzieher (1945c ), and Soffer (1946 .
Of help in the confirmation of the diagnosis in the adrenogenital syndrome is the increase of the urinary 17-ketosteroids, premature ossification as shown by radiograph, and the examination of biopsy material. For reasons already discussed, the Ponceau-Fuchsin stain seems to be more reliable with specimens taken at operation than at autopsy.
Although the adrenogenital syndrome shows frequently such a characteristic clinical entity that the diagnosis presents no difficulty, cases are occasionally encountered in which adrenal hyperplasia can be neither diagnosed nor definitely excluded. This is well illustrated by one of our cases, a girl aged three years, not previously quoted, where the clinical signs were an enlargement of the clitoris since the age of two years, precocious ossification without increased rate of gtwth, hirsutism, or increased urinary output of 17-ketosteroids, and without any evidence of intracranial disease.
SUMMARY From a review of the case material of the Birmingham Children's Hospital during the last ten years, ten cases of adrenal hyperplasia in the newborn with symptoms of adrenal cortical hypofunction are described, and the symptomatology and the diagnosis discussed. The estimation of the urinary chloride as a diagnostic aid is emphasized. The differences in the clinical picture between the adrenogenital syndromes in the newborn and in older children are pointed out.
Five further cases of adrenal hyperplasia in the newborn are described, two in haemolytic disease of the newborn, two with exomphalos, and one stillborn with glycogen storage disease.
The adrenogenital syndrome in older children is represented by three cases, all due to hyperplasia.
One boy presented the typical picture of macrogenitosomia praecox. The two girls were both pseudohermaphrodites.
Two girls with adrenocortical obesity or Cushing's syndrome due to adrenal cortical carcinoma are described.
The liability of the above cases to sudden death is stressed.
An attempt is made to correlate the two syndromes with histological changes in the adrenal cortex. Although the proportion of transient to permanent cortex was very variable in adrenal hyperplasia in the newborn, the transient cortex predominated in the adrenogenital syndrome in older children but was completely absent in the atrophic contralateral adrenal to the carcinoma in Cushing's syndrome.
Fuchsinophil material, when present, was predominantly in the transient cortex and was probably concerned with the production of androgens, whereas the cytoplasm of the permanent cortex was mainly vacuolated and presumably concerned with adrenocortical hormone production.
The relationship of the pituitary and thymus to the interrenal syndrome is discussed.
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